Background and Objective: Catheter Associated Urinary Tract infection (CAUTI) is one of the most prevalent hospital acquired infections which causes increased medical costs, hospital stay and mortality. Patients in critical care units are in a higher risk. The main purpose of the present study is the Identification of the effect of instruction and implementation of a preventive urinary tract infection bundle on the incidence of CAUTI.
INTRODUCTION
Hospital-acquired infections are prevalent, costly (1) , and among the causes of morbidity and mortality for hospitalized patients (2) and often occur as a result of medical device insertion (3) . Urinary catheters are the most common medical devices inserted in hospitalized patients (4) . About 100 million urinary catheters are used annually in the world (5), of which, 5 million are used in the US (6) and about 12-25% of the entire hospitalized patient population experience catheter insertion at least once during their hospitalization (7) . Approximately 70% of the urinary tract infections (UTIs) associated with medical care are thought to be related to urinary catheters and this value rises to 95% in intensive care units (8) .
In Iran, with a population of 70 million (9) and 6 million annual hospitalized patients (10) , the prevalence of hospitalacquired infections is estimated to be 0.89%, among which CAUTI is the most prevalent (26.5%) compared to ventilator associated pneumonia and central line catheter associated infections (11) .
Utilizing urinary catheters, aside from increasing imposed costs on patients and medical care systems (5, 12) , often lead to longer hospital stay (13) (14) (15) and increased mortality among patients (13, 16, 17) . In the United States, in 2002, a comprehensive study about hospital acquired infections and their related mortality indicated 13000 deaths a year associated with UTIs (7) .
Hospitalized patients in intensive care units are at a higher risk (18, 19) . Chronic illness, prolonged illness period and frequent need for urinary catheterization increases CAUTI risk (20) and makes the impact of these infections on this patients more critical (14) . During a 3-7 day intensive care stay, 96% of patients contract bacterial flora colonization (19) .
On the other hand, it should be noted that these infections are potentially preventable and can be reduced through infection-controlling actions (21) . This is considered a key point in improving the safety for hospitalized patients (22) .
According to existing studies, the best way to reduce the incidence of CAUTI is prevention (20, 23) . In this regard, a number of studies have investigated implementing preventive and care bundles. Bundles are sets of evidence based interventions, which are designed in order to improve treatment and prevent complications (24, 25) . Numerous investigations have been conducted on the effect of utilizing preventive UTI bundles (6, 16, 24, 26) . The components of said bundles often include observation and daily tracking of the criteria for catheter utilization and informing individuals about catheter utilization only in appropriate cases (16) , regular evaluation of continued need for catheter maintenance, sterile catheter placement technique, regular perineal care, maintaining the urine collection bag under bladder level in all conditions even during patient transfer, fixing urinary catheter, and using silver-coated catheters in high-risk patients (24) .
MATERIALS AND METHODS
The current study is a quasi-experimental, before-after intervention study which was conducted to identify the effect of instructing and implementing a preventive urinary infection bundle on the incidence of CAUTI in the intensive care units of Nemazee Hospital, affiliated to Shiraz University of Medical Sciences, Shiraz, Iran. This study was approved by the Ethics Committee of Shiraz University of Medical Sciences and was registered in the Iranian Registry of Clinical Trials (IRCT2016052528060N1). Patients admitted in general and central intensive care units of Nemazee Hospital entered the study with the inclusion criteria of approval to participate in the trial, having indwelling urinary catheter, aged above 18 and not having urinary infection symptoms at the time of catheter insertion or admission. Exclusion criteria were existence of urinary catheter for more than two days at the site and occurrence of CAUTI symptoms within the first two days of hospitalization or catheter insertion. The trial took place from April to November 2016. Before the intervention, 185 patients and after the intervention, 145 patients entered the study. Before the intervention, base evaluation from standpoints of incidence of CAUTI, staff compliance to CAUTI prevention principles and criteria regarding indwelling urinary catheter utilization was performed. Evaluation of urinary infection symptoms was conducted at the time of patient admission to the unit, during their stay and upon observing clinical urinary infection symptoms, urinalysis, urine culture and urine microbial sensitivity tests. Additionally, before the intervention, the study environment was evaluated from the standpoint of required infrastructure for complete implementation of the care bundle. CAUTI diagnosis was carried out according to CDC/NHSN criteria (27) and analyzed using the online INICC software. Subsequently, two definitions were considered for said infection.
Definition 1: Existence of indwelling urinary catheter for more than two days before the occurrence of urinary infection; existence of clinical CAUTI symptoms including temperature over 38 centigrade degree, urinary frequency, urgency, suprapubic tenderness, dysuria and a urine culture with fewer than two species of organisms at least one of which had ≥10 5 Colony Forming Unit/ml. Definition 2: Existence of indwelling catheter for more than two days at the site before the occurrence of urinary infection; existence of clinical CAUTI symptoms including temperature over 38 centigrade degree,urinary frequency, urgency ,suprapubic tenderness, dysuria; and positive urine culture of maximum 2 bacteria species with more than 10 Bacteriuria is defined as the existence of positive urine culture in the absence of clinical symptoms. Staff compliance with CAUTI prevention principles was evaluated using a researcher-made questionnaire which its validity was approved by 7 nursing faculty members and its reliability was approved by test re test with a Cronbach's alpha value of 0.748. Staff compliance to CAUTI prevention principles was evaluated in 44 observation sessions each lasting two-hours. Indwelling catheter utilization criteria were analyzed by interviewing physicians according to the suggested criteria in the latest CAUTI prevention guidelines. They included: Urinary retention or bladder outlet obstruction, neurogenic bladder, need for accurate measurement of urine output, need for urine collection, and patient inability to use other urine collection strategies, existence of open wound in the sacral or perineal area in the presence of urinary incontinency, Providing comfort for end of life care if needed, recent surgery (24 hours after the surgery), Urinary incontinence management according to patient request for urinary catheter, and others according to physician's opinion. The intervention consisted of instructing the UTI bundle and improving the required infrastructures for implementing it. Instruction took place in separate sessions involving all the nurses, nurse assistants, and physicians by lectures, presentation slides, pamphlets and posters. According to the assessments before the intervention regarding the conditions and facilities of the study environment, considerations such as availability of same-sex nurse aide for patients' personal hygiene purposes, equipping transfer beds with urine collection bag clamp, providing single use lubricant gels in order to insert urinary catheters and providing drainage containers for urine collection for each patient, were taken. After the intervention, the incidence of CAUTI, catheter utilization criteria and also staff compliance level with CAUTI prevention principles were investigated. At this stage, in case of noncompliance, aside from documenting it as an observed noncompliance case, required instructions were given to the staff at patient's bedside. Monitoring the incidence of CAUTI during the study was performed by the International Nosocomial Infection Control Consortium (INICC) software. the CAUTI bundle comprised of a care bundle including evidence based interventions and was adapted from the latest guidelines devised by CDC in 2009 (7), suggested strategies by The Society for Healthcare Epidemiology of America (SHEA) and The Infectious Disease Society of America (IDSA) (28) for CAUTI prevention. The bundle was then approved by a committee comprising the research team, experts of intensive care, infection diseases, microbiology, and pharmacy and also the ICU head nurse. It consisted of 4 main parts: appropriate utilization of urinary catheters, appropriate insertion techniques, appropriate maintenance techniques and improving executive infrastructure.
RESULTS
In this study, 330 patients were investigated before and after the intervention. Before the intervention, the incidence of CAUTI was 3.2 in 1000 catheter/day which decreased to 1.36 in 1000 catheter/day after the intervention. However, this decrease was not statistically significant (p<0.3883). Additionally, no significant difference was seen in the bacteriuria in patients before and after the intervention (p<0.756). In the two study stages, the most prevalent extracted microorganism from positive cultures was Candida and after that, E coli ( Table 1) .
The results of this study indicated a significant difference between mean hospital stay for patients with and without CAUTI (p<0.001). Additionally, mean catheter utilization time in CAUTI patients was significantly longer than that of patients without CAUTI ( Table 2) .
The time between patient admission in ICU and incidence of CAUTI was 4 to 32 days with a mean value of 12.4 days before the intervention and 17 to 45 days with a mean value of 31 days after the intervention. Before the intervention, 1.6 % of observed catheter utilization cases were inappropriate according to the physician. Meanwhile, this value showed a significant increase after the intervention (p<0.001) ( Table 3) . However, the number of catheter utilization cases which the physician deemed inappropriate and were removed did not show significant difference before and after the intervention.
The most prevalent criterion for indwelling urinary catheter utilization both before and after the intervention was careful monitoring of urine output (criterion #3) and after that, first 24-hour care after surgery (criterion #5) (Figure 1) .
Before the intervention, the highest observed staff noncompliance with CAUTI prevention principles corresponded to complete hand hygiene before catheter insertion or manipulation and after that the highest noncompliance was seen with keeping urine collection bag below at all times, maintaining bag drainage according to correct principles and providing a closed urine drainage system. After the intervention, the highest noncompliance was seen in providing a closed urine drainage system and after that in keeping urine collection bag below at all times (Figure 2 ). 
Figure 1: Comparison of criteria for indwelling catheter utilization before and after the intervention (according to physicians' opinion)

DISCUSSION
CAUTI is among the most common hospital acquired infections and has turned into a major challenge for hospital safety and health care quality in intensive care units (25) . A significant portion of these infections are preventable by using evidence based strategies (2) .
The current study aimed to determine the effect of instruction and implementation of a UTI bundle in two adult intensive care units in Nemazee Hospital. It consisted of 2 stages (before and after the intervention). 52.4 % of patients were females and the mean age was 53.2 ± 19.4. Furthermore, 63.3 % of subjects were admitted in the study environment due to surgical problems and the rest due to internal problems.
The incidence of CAUTI decreased from 3.2 cases in 1000 catheter/day before the intervention to 1.36 after the intervention. However, the difference was not statistically significant.
Incidence of CAUTI in this study was lower than the values reported in similar studies in intensive care units of developing countries. These values were reported to be 8.3 cases in 1000 catheter/day in Turkey (29), 9.08 cases in 1000 catheter/day in India (30) and 7.11 cases in 1000 catheter/day in Morocco (13). Rosenthal and his colleagues (2006) reported the incidence of CAUTI in 55 intensive care units, all members of INICC of 8 developing countries, as 8.9 cases in 1000 catheter/day. In the similar timeframe, this incidence was 3.9 in 1000 catheter/day in the United States. (31) . It should be noted that the general and central intensive care units of Nemazee Hospital have been members of INICC since 2014 and the reports of hospital acquired infections were documented online and assessed accordingly. One of the reasons for the relatively low incidence of CAUTI may be associated with regular monitoring of these infections and physicians' attention to the results. Using broad spectrum antibiotics in the drug regimens of these patients for prevention or treatment purposes should also be considered.
The findings of this study is consistent with the results of Amin et al. who conducted a similar study in Egypt and reported an insignificant decrease in the incidence of CAUTI (25) . On the other hand, other studies were successful in reducing the incidence of CAUTI by the help of preventive interventions (6, 26, (32) (33) (34) (35) . It should be noted that most of the aforementioned studies had larger sample volumes and spent a longer period to gather data compared to the current study. The small sample size, short trial period before and after the intervention and also the low incidence of infection before the intervention can be considered as the possible causes of insignificant decrease in CAUTI after the intervention.
The most prevalent extracted micro-organism from urine samples was Candida. This finding was consistent with the results of Gillen et al. Abdulmutalib et al. (2013) , the most prevalent CAUTI microorganism was found to be E coli (14, 37, 38) . In the present study, the difference in mean ICU stay and catheter utilization time in all of the cases with and without bacteriuria and also with and without CAUTI was significant. These findings were in agreement with those of Lee et al. (2013) and Gillen et al. (2015) (14, 15) . Russo et al (2005) reported the indwelling catheter utilization time as one of the major causes of hospital acquired urinary infections (39). Rafiei et al. suggested that incidence of CAUTI was increased with increasing catheter utilization time (37) . In our study, the mean time between the beginning of catheter insertion and incidence of CAUTI increased from 12.6 days before the intervention to 39 days after the intervention. In a study by Gillen et al. (2015) , the time from the beginning of catheter insertion to developing CAUTI ranged between 1 to 70 days (15) . In this study, no significant difference was seen in mean catheter utilization time in study subjects before and after the intervention. This finding was not consistent with the results of Manguetti et al. (2015-Switzerland) who reported a decrease from 74% before the intervention to 57% after the intervention during a long study period (5 years before and 4 years after the intervention) (33) . Additionally, Maddings et al. (2013) showed that conducting interventions in order to reduce catheter utilization leads to significant decrease of catheter utilization time (12) . Short study time and limited time for inducing effective change in the attitude and behavior of the treatment team with respect to utilizing urinary catheters only with proper reasons can be considered as the factors responsible for lack of significant difference in catheter utilization time. among the first 8 criteria for indwelling catheter utilization, the most prevalent before and after the intervention was the necessity for frequent and accurate measurement of urine output in critical patients, and the second prevalent criterion was necessity for catheter utilization before and after surgery. This is consistent with the results of a study by Conway and colleagues (2011) that comprehensively investigated the devised guidelines between 1980 and 2010 for CAUTI prevention and indicated that most of the reliable studied guidelines suggested proper catheter utilization before and after certain surgeries and accurate and frequent measurement of urine output in critical patients (40) . On the other hand, a study by Jansen et al. (2012) reported urinary incontinency without sacral and perineal wounds as the most inappropriate reason for catheter utilization (16) . In another study conducted in 2006 in Iran, the most common reported reason for catheter insertion was the need for patients to be complete bed-ridden (41) . Before the intervention, after reviewing the proper criteria for urinary catheter utilization with physicians, in 1.6 % of cases, catheter utilization was deemed appropriate according to the physician's opinion. Whereas, this value increased significantly after the intervention; it is possible to link this rise to the impact of intervention on a change in physicians' mentality about the proper criteria for indwelling catheter utilization. However, from the 36 cases which were considered to be inappropriate uses of urinary catheters, only 16 were removed. Removing improper catheters did not show a significant decrease after the intervention. This can be associated with infrastructural barriers such as necessity for providing certain cares such as perineal care by a same-sex care giver, or nurses' resistance regarding taking care of patients without urinary catheters in intensive care units. Saint and colleagues (2008) showed that less than 25% of 179 studied hospitals in The United States had a system for monitoring the existence or absence of catheters in patients and less than 20% of hospitals monitored catheter utilization time and necessity of indwelling catheters (1). In the total 88 hours spent on observing staff performance in two-hour sessions in each stage of the study, the number of cases of noncompliance with CAUTI prevention principles decreased significantly after the intervention. Among the behaviors seen in staff before the intervention, the most common noncompliance behavior was lack of complete hand hygiene before any manipulation of the catheter and its connections, which decreased significantly after the intervention. Similarly, in a study by Taleschian et al. (2015), it was reported that the highest noncompliance was associated with inattention to hand hygiene before drainage of collection bags (42) . Cases of noncompliance with daily perineal care, keeping urine collection bag below bladder level and avoiding contamination of drainage valve and urine splash during urine drainage from drainage bag also significantly decreased after the intervention. Despite reduced staff noncompliance with CAUTI prevention principles, a number of issues led to persistence of some cases of noncompliance after the intervention. Problems associated with using urine meter device in the urine drainage systems: and using special separate containers for urine collection for each patient were issues that led to noncompliance after the intervention. In the study performed by Stephan (2006) , compliance with infection control guidelines was 82.2%. Catheter insertion instances and utilization time decreased after the intervention (32) .
Conducting this study was faced with a number of limitations. For instance, staff performance assessment was performed by and only took place in the presence of the researchers. The presence of staff members who were not instructed about the CAUTI bundle in the study ICUs was another limitation.
CONCLUSION
The results of this study indicated that although instruction and implementation of CAUTI bundle led to reduction of the incidence of CAUTI, this reduction was not statistically significant. It seems that further investigations need to be performed in longer periods and with more patients. The most common criterion for indwelling catheter utilization both before and after the intervention was the need for accurate monitoring of urine output. Instruction and implementation of CAUTI bundle reduced the number of cases of noncompliance with CAUTI prevention principles.
IMPLICATIONS FOR NURSING PRACTICE
This study presented an evidence based preventive CAUTI bundle for intensive care units which compliance to its items may decrease the incidence of CAUTI in ICUs.
